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© When measurement is conducted by the one- 
step sandwich method, a signal corresponding to the 
quantity of a labelled antibody (A) restricted near the 
surface of an optical waveguide (D) by the antigen- 
antibody reaction is sampled, and a time differential 
value of the signal at the initial stage of a measure- 
ment and a signal corresponding to the extent of the 
immune reaction at a substantially steady point of 
time are obtained on the basis of the signals so 
sampled. The extent of the immune reaction is 
uniquely determined on the basis of the time dif- 
ferential value and the signal corresponding to the 
extent of the immune reaction. 
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Technical Field 

The present invention relates to an optical im- 
munity measurement method and apparatus there- 
for. More particularly, the present invention relates 
to a method and apparatus for measuring a degree 
of immunity reaction based upon an optical signal 
corresponding to a quantity of a labeled substance 
which is constrained in the vicinity of a surface of 
an optical waveguide by an antigen-antibody reac- 
tion. The antigen-antibody reaction is performed by 
fixing antigens or antibodies on the surface of the 
optical waveguide and by contacting a liquid with 
the fixed antigens or the antibodies which liquid is 
obtained by previously mixing a liquid which in- 
cludes antigens or antibodies labeled with a label- 
ed substance, and a test liquid which includes a 
target substance for measurement so as to perform 
antigen-antibody reaction. 

Background Art 

In the past, a method for measuring a degree 
of immunity reaction based upon an intensity of 
excited fluorescent light is proposed. The excited 
fluorescent light is obtained by previously fixing 
antigens or antibodies on a surface of a slab-type 
optical waveguide, by performing antigen-antibody 
reaction between antibodies or antigens in a test 
liquid for measurement and the fixed antigens or 
antibodies, by performing antigen-antibody reaction 
between labeled antigens or labeled antibodies 
labeled with fluorescence dye and the reacted anti- 
bodies or antigens, by introducing an exciting light 
into the slab-type optical waveguide which light 
propagates in the slab-type optical waveguide in a 
total reflection manner, so as to generate an eva- 
nescent wave component, and by exciting fluores- 
cence dye by the generated evanescent wave 
component which dye is constrained in the vicinity 
of the surface of the slab-type optical waveguide. 
In this case, a so-called end-point method is gen- 
erally employed which detects an intensity of the 
fluorescent light when an intensity of the fluores- 
cent light becomes nearly stable and calculates a 
degree of immunity reaction based upon the de- 
tected intensity. Also, a measurement signal ob- 
tained by the method is referred to as an end-point 
signal. 

Further, when a measurement is performed by 
employing the above method, a method is pro- 
posed which shortens a required time for measure- 
ment by previously performing the antigen-antibodi 
reaction by mixing a test liquid for measurement 
and labeled antigens or labeled antibodies 
(hereinafter, the method is referred to as a 1 step 
sandwich method). 



When an immunity measurement is performed 
using the former method, antigen-antibody reaction 
should be performed between the antigens or anti- 
bodies fixed on the surface of the slab-type optical 

5 waveguide and the antibodies or antigens included 
in the test liquid for measurement. The liquid for 
measurement should then be discharged, and the 
antigen-antibody reaction should be performed be- 
tween the labeled antigens or labeled antibodies 

10 and the reacted antibodies or antigens. Therefore, 
time for performing the antigen-antibody reaction 
twice is needed and a time for discharging the test 
liquid is needed, so that a required measurement 
time in its entirety is lengthened. Further, when the 

15 test liquid is discharged, the test liquid should be 
discharged up to nearly 100% so that the liquid 
which includes labeled antigens or labeled anti- 
bodies is not diluted by remaining test liquid. When 
a vessel for housing the test liquid is small in size, 

20 a disadvantage arises in that the discharging op- 
eration becomes difficult. Of course, when the test 
liquid is imperfectly discharged, a concentration of 
the labeled antigens or labeled antibodies is diluted 
so that a quantity of antigens or antibodies which 

25 are constrained in the vicinity of the surface of the 
optical waveguide by the antigen-antibody reaction 
is lessened. Therefore, the accuracy of immunity 
measurement is lowered. 

When an immunity measurement is performed 

30 using the latter method (1 step sandwich method), 
an operation for discharging the tost liquid is not 
needed at all, and a required time for immunity 
measurement is remarkably shortened by perform- 
ing the antigen-antibody reaction in parallel to an- 

35 other processing, such as, for example, immunity 
measurement processing based upon another test 
liquid for measurement, because the labeled anti- 
gens or labeled antibodies and the test liquid are 
previously mixed so that the antigen-antibody reac- 

40 tion is previously performed. Of course, a lower 
accuracy of immunity measurement due to imper- 
fect discharge of the test liquid is not realized at 
all. 

A disadvantage arises in that the same inten- 
45 sity of fluorescent light is possibly detected when a 
concentration of antigens or antibodies in a test 
liquid is high and when a concentration of antigens 
or antibodies in a test liquid for measurement is 
low. The disadvantage cannot be ignored because 
so a mistaken measurement result badly affects a 
human body by taking a condition into consider- 
ation which condition that measurement of a de- 
gree of immunity reaction is mostly performed on 
contradiction that medical treatment and the like is 
55 performed thereafter. 

Occurrence of the above disadvantage is fur- 
ther described in detail. 
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In the 1 step sandwich method, an antigen- 
antibody reaction is performed between antigens in 
a test liquid for measurement and labeled anti- 
bodies, by previously mixing a reagent solution 
which includes labeled antibodies and the test liq- 
uid, for example. The labeled antibodies are ob- 
tained by labeling antibodies with fluorescent dye. 
A concentration of antigens in the test liquid is 
unknown. The mixed liquid is under a condition that 
the labeled antibodies excessively exist, or the 
antigens excessively exist, or the labeled anti- 
bodies and antigens exist in a nearly balanced 
condition, depending upon the concentration of the 
antigens. When the labeled antibodies excessively 
exist, many of the labeled antibodies exist in the 
mixed liquid which are not included in the antigen- 
antibody reaction. When the antigens excessively 
exist in the mixed liquid, many of the antigens exist 
in the mixed liquid which are not included in the 
antigen-antibody reaction. When the labeled anti- 
bodies and antigens exist in a nearly balanced 
condition, the labeled antibodies and the antigens 
scarcely exist in the mixed liquid which antibodies 
and which antigens are not included in the antigen- 
antibody reaction. 

The above disadvantage does not occur when 
the labeled antibodies excessively exist or when 
the labeled antibodies and antigens exist in nearly 
balanced condition. However, when the antigens 
excessively exist in the mixed liquid, not only the 
antigens which have aiieady been included in the 
antigen-antibody reaction with the labeled anti- 
bodies, but also the antigens which have not been 
included in the antigen-antibody reaction with the 
labeled antibodies, are included in the antigen- 
antibody reaction with the antibodies which are 
fixed on the surface of the slab-type optical 
waveguide. When a quantity of the latter antigen- 
antibody reaction increases, a quantity of the label- 
ed antibodies which are constrained in the vicinity 
of the surface of the slab-type optical waveguide is 
lessened. Therefore, the same intensity of fluores- 
cent light is obtained in cases here the concentra- 
tion of antigens in the test liquid is low and where 
the concentration of antigens in the test liquid is 
high. Consequently, it becomes impossible to de- 
termine a concentration of antigens in a test liquid 
for measurement uniquely. 

To resolve such a disadvantage, it is necessary 
that another measurement be performed based 
upon the 1 step sandwich method again, after the 
test liquid for measurem nt is diluted, to judge 
whether already obtained measurement result is 
correct. Specifically, when signal values of 89 and 
88 arbitrary unit are obtained based upon inten- 
sities of fluorescent light in a case where test liquid 
for measurement are not diluted, which liquid have 
concentrations of 02-microglobulin of 10ug/ml and 



300u,g/ml, respectively, signal values of 11 and 131 
respectively are obtained based upon intensities of 
fluorescent light when the test liquid for measure- 
ment are diluted by ten times. Therefore, con- 

s centrations of 02-microglobulin are uniquely deter- 
mined to be 10ng/ml and 300ug/ml, respectively. 
As a result, a degree of immunity reaction is fairly 
accurately measured. But, new disadvantages arise 
in that a required time for measurement is remark- 

10 ably lengthened for the measurement's entirety 
and that a required quantity of labeled antibodies 
for measurement is increased. Of course, a re- 
quired number of optical waveguides on which 
antibodies are previously fixed also is increased. 

15 Further, a disadvantage arises in that the accuracy 
in measurement of a degree of antigen-antibody 
reaction is lowered because a measurement error 
is generated due to a differences between mea- 
surement timings and between optical waveguides ' 

20 on which the antibodies are fixed, and the like. 

Disclosure of The Invention 

The present invention was made in view of the 

25 above problems. 

It is an object of the present invention to offer 
an optical immunity measurement method and ap- 
paratus thorofor which uniquely determines a de- 
gree of immunity reaction when the same measure- 

30 ment signals are obtained despite different degrees 
of immunity reaction relative to one another. 

To perform the above object, an optical immu- 
nity measurement method according to a first em- 
bodiment of the invention is a method for measur- 

35 ing a degree of immunity reaction based upon an 
optical signal corresponding to a quantity of a 
labeled substance which is constrained in the vi- 
cinity of a surface of an optical waveguide by an 
antigen-antibody reaction. The antigen-antibody re- 

40 action is performed by fixing antigens or antibodies 
on the surface of the optical waveguide and by 
contacting a liquid with the fixed antigens or the 
antibodies, which liquid is obtained by previously 
mixing a liquid which includes antigens or anti- 

45 bodies labeled with the labeled substance, and a 
test liquid which includes the target substance for 
measurement so as to perform antigen-antibody 
reaction. The method comprises the steps of; 
obtaining a differential value by time of a signal 

50 which is obtained after contacting the liquid which 
is obtained by previously carrying out an antigen- 
antibody reaction, with the fixed antigens or anti- 
bodies, 

obtaining a signal corresponding to the degree 
55 of immunity reaction at a time when the signal 
becomes nearly stable and when the differential 
value has already obtained, and 

calculating the degree of immunity reaction 
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based upon the differential value and the signal 
corresponding to the degree of immunity reaction. 

This method obtains the differential value by 
time of the signal which is obtained after contacting 
the liquid which is obtained by previously carrying 
out the antigen-antibody reaction, with the fixed 
antigens or antibodies, and obtains the signal cor- 
responding to the degree of immunity reaction at 
the time when the signal becomes nearly stable 
and when the differential value has already been 
obtained. This method then calculates the degree 
of immunity reaction based upon the differential 
value and the signal corresponding to the degree 
of immunity reaction, when the degree of immunity 
reaction is measured based upon the optical signal 
corresponding to the quantity of labeled substance 
which is constrained in the vicinity of the surface of 
the optical waveguide by antigen-antibody reaction. 
The antigen-antibody reaction is performed by fix- 
ing antigens or antibodies on the surface of the 
optical waveguide and by contacting the liquid with 
the fixed antigens or the antibodies which liquid is 
obtained by previously mixing the liquid which in- 
cludes antigens or antibodies labeled with the 
labeled substance, and the test liquid which in- 
cludes the target substance for measurement so as 
to perform antigen-antibody reaction. With this 
method, the degree of immunity reaction is unique- 
ly determined even when the signal has a value 
which corresponds to degrees of immunity reaction 
which are different from one another. 

An optical immunity measurement apparatus 
according to another embodiment of the invention 
is an apparatus for measuring a degree of immu- 
nity reaction based upon an optical signal cor- 
responding to a quantity of a labeled substance 
which is constrained in the vicinity of a surface of 
an optical waveguide by an antigen-antibody reac- 
tion, The antigen-antibody reaction is performed by 
fixing antigens or antibodies on the surface of the 
optical waveguide and by contacting a liquid with 
the fixed antigens or the antibodies. The liquid is 
obtained by previously mixing a liquid which in- 
cludes antigens or antibodies labeled with a label- 
ed substance, and a test liquid which includes the 
target substance for measurement so as to perform 
an antigen-antibody reaction. The apparatus com- 
prises; 

differential means for obtaining a differential 
value by time of a signal which is obtained after a 
contacting the liquid which is obtained by pre- 
viously carrying out an antigen-antibody reaction, 
with the fixed antigens or antibodies, 

saturated signal detection means for obtaining 
a signal corresponding to the degree of immunity 
reaction at a time when the signal becomes nearly 
stable, and 

immunity reaction degree calculation means for 



calculating the degree of immunity reaction based 
upon the differential value and the signal corre- 
sponding to the degree of immunity reaction. 

This apparatus obtains the differential value by 

5 time of the signal by the differential means, which 
signal is obtained after contacting the liquid which 
is obtained by previously carrying out the antigen- 
antibody reaction, with the fixed antigens or anti- 
bodies. The apparatus obtains the signal corre- 

w sponding to the degree of immunity reaction by the 
saturated signal detection means at the time when 
the signal becomes nearly stable and when the 
differential value has already obtained, and cal- 
culates the degree of immunity reaction with the 

75 immunity reaction calculation means based upon 
the differential value and the signal corresponding 
to the degree of immunity reaction, when the de- 
gree of immunity reaction is measured based upon 
the optical signal corresponding to the quantity of 

20 labeled substance which is constrained in the vi- 
cinity of the surface of the optical waveguide by an 
antigen-antibody reaction. The antigen-antibody re- 
action is performed by fixing antigens or antibodies 
on the surface of the optical waveguide and by 

25 contacting the liquid with the fixed antigens or the 
antibodies (which liquid is obtained by previously 
mixing the liquid which includes antigens or anti- 
bodies labeled with labeled substance) and the test 
liquid which includes the target substance for mea- 

30 surement so as to perform an antigen-antibody 
reaction. Therefore, the degree of immunity reac- 
tion is uniquely determined even when the signal 
has a value corresponding to degrees of immunity 
reaction which are different from one another. 

35 Description is made in more detail. 

When the liquid which is obtained by pre- 
viously carrying out an antigen-antibody reaction 
contacts the fixed antigens or antibodies 
(hereinafter, simply referred to as the fixed anti- 

40 bodies), and when the concentration of the anti- 
bodies or the concentration of the antigens in the 
test liquid is high, the quantity of non-reacted anti- 
bodies or non-reacted antigens (antibodies or anti- 
gens which are not included in the antigen-anti- 

45 body reaction between the labeled antigens or 
labeled antibodies, and hereinafter, referred to as 
the non-reacted antigens) becomes which are in- 
cluded in an carried out antigen-antibody reaction 
with the fixed antibodies becomes geat. Therefore, 

so the quantity of the antigens which carries out the 
antigen-antibody reaction with the fixed antibodies, 
corresponds to the concentration of the antigens. in. 
the test liquid for measurement. But, a quantity of 
reacted antibodies or antigens (antibodies or anti- 

65 gens which have already been included in the 
antigen-antibody reaction between the labeled anti- 
gens or labeled antibodies, and hereinafter, re- 
ferred to as reacted antigens) is not in proportion to 
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the concentration of the antigens in the test liquid 
for measurement, because antigen-antibody reac- 
tion is carried out between the non-reacted anti- 
gens and the fixed antibodies. That is, intensities of 
fluorescent light which are the same are obtained 
in cases where the concentration of the antigens in 
the test liquid for measurement is high and where 
the concentration of the antigens in the test liquid 
for measurement is low. As a result, the concentra- 
tion of the antigens in the test liquid for measure- 
ment is not determined uniquely. 

The inventors of the present invention have 
found the followings: 

At the beginning of the contacting of the liquid 
which is obtained by previously carrying out an 
antigen-antibody reaction with the fixed antibodies, 
the differential value by time of the signal cor- 
responding to the intensity of fluorescent light (the 
increasing rate of the signal corresponding to the 
intensity of fluorescent light) becomes great, be- 
cause a collision rate of the reacted antigens to the 
fixed antibodies is high when the concentration of 
the antigens in the test liquid is high. On the 
contrary, when the concentration of the antigens in 
the test liquid for measurement is low, the differen- 
tial value by time of the signal corresponding to the 
intensity of fluorescent light becomes small, be- 
cause the collision rate of the reacted antigens to 
the fixed antibodies is low . The inventors have 
found that the concentration of the antigens in the 
test liquid is determined uniquely based upon the 
signal corresponding to the intensity of fluorescent 
light and the differential value by time, and have 
completed the present invention. 

Brief Description of The Drawings 

Figure 1 is a diagram which schematically ex- 
plains a 1 step sandwich method; 
Figure 2 is a flowchart which explains an em- 
bodiment of an optical immunity measurement 
method according to the present invention; 
Figure 3 is a graph illustrating the variation 
signal following the passage of time, which sig- 
nal is obtained by the optical immunity mea- 
surement; 

Figure 4 is a graph illustrating analytical curves 
for an example of the invention; and 
Figure 5 is a block diagram illustrating an em- 
bodiment of an optical immunity measurement 
apparatus according to the present invention. 

Best Mode For Implementing The Invention 

Hereinafter, referring to the attached drawings, 
we explain the present invention in deteil. 

Fig. 1 is a diagram which schematically ex- 
plains a 1 step sandwich method. A reagent liquid 



which includes labeled antibodies A (which are 
made by labeling antibodies with flourescence dye) 
and a test liquid for measurement are mixedprior to 
the measurement, so that an antigen-antibody reac- 

5 tion is carried out between antigens B in the test 
liquid and the labeled antibodies A. This mixed 
liquid C in which the antigen-antibody reaction has 
been carried out, is contacted with antibodies E 
fixed on a surface of an optical waveguide D, so 

10 that an antigen-antibody reaction is carried out 
between reacted antigens C (which have already 
been reacted in antigen-antibody reaction between 
the labeled antibodies A), and the antibodies E 
which are fixed on the surface of the optical 

75 waveguide D. Therefore, the labeled antibodies A 
are constrained in the vicinity of the surface of the 
optical waveguide. 

When this method is employed, compared to a 
method in which the test liquid and the reagent 

20 liquid are contacted with the antibodies fixed on the 
surface of the optical waveguide in this order, a 
discharging operation of the test liquid for mea- 
surement becomes unnecessary. Also, a required 
time for measurement is shortened by carrying out 

25 the reaction of the labeled antibodies A and the 
antigens B at an arbitrary time. Further, a disadvan- 
tage is securely prevented from occurring in that a 
measurement accuracy is not lowered by dilution 
of the reagent liquid when discharging of the test 

30 liquid for measurement is imperfect. 

Fig. 2 is a flowchart which explains an embodi- 
ment of an optical immunity measurement method 
according to the present invention. 

In step SP1, the start of the optical immunity 

35 measurement is postponed until it is instructed to 
begin. In step SP2, a signal value corresponding to 
a degree of immunity reaction is sampled at every 
predetermined time interval. The signal value is 
calculated by substracting a signal value obtained 

40 at the start of the immunity reaction from a signal 
value obtained at the sampling time. In step SP3, a 
differential value by time (hereinafter, referred to as 
a rate signal) is calculated based upon the sampled 
signal values. In step SP4, a signal value is ob- 

45 tained which is sampled at a time at which a 
sufficiently long time period has passed from the 
starting of the process. The sufficiently long time 
period is meant hereinafter that a long time period 
until the signal value is nearly saturated. In step 

so SP5 f a signal value is obtained at a time at which 
the mixed liquid is contacted with antibodies fixed 
on the surface of the optical waveguide. In step 
SP6, a difference between the signal value ob- 
tained in step SP4 and the signal value obtained in 

55 step SP5 (hereinafter, referred to as an end-point 
signal) is calculated. Then, in step SP7, a con- 
centration of antigens in the test liquid is obtained 
based upon the calculated difference, the differen- 
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tial value by time and an analytical curve which is 
previously obtained. 

The processing in step SP3 may be a process- 
ing which calculates the differential value by time 
based upon the signal values obtained at predeter- 
mined times which are different from one another. 
The processing in step SP3 may also be a pro- 
cessing which calculates the differential values by 
time by performing a primary recursion processing 
based upon a plurality of signals which are sam- 
pled at every time interval (for example, at every 
second) within a predetermined time extent (for 
example, a time extent of 50 seconds, which is 
regulated by passing times T1 and T2 on a graph 
illustrating the variation of the signal following the 
passage of time, which graph is illustrated in Fig. 
3). The latter method is preferably employed by 
taking a point into consideration where the differen- 
tial value by time is calculated with high accuracy. 

The processing in step SP4 may be a process- 
ing which obtains the signal value at a time (for 
example, 7 minutes) which is sufficiently longer 
than the predetermined time extent for performing 
the processing in step SP3. The processing in step 
SP4 may also be a processing which obtaines the 
signal value at a time at which a variation rate of 
the signal value becomes smaller than a predeter- 
mined value. By taking a point into consideration 
where concentrations of antigens in plural test liq- 
uids for measurement are simultaneously mea- 
sured, the former processing is preferably em- 
ployed so that the processing can be simplified. In 
this case, it is preferable that signals are sampled 
within a predetermined time extent about a time at 
which a sufficiently long time period has passed 
from the starting. 

The processing in step SP5 may be a process- 
ing which employs a signal which is sampled at the 
time when the mixed liquid contacts the antibodies 
fixed on the surface of the optical waveguide. The 
processing in step SP5 may also be a processing 
which calculates a signal at a starting point based 
upon the differential value by time obtained in step 
SP3, the starting point being a starting point of the 
predetermined time extent in step SP3 and being 
determined to be a time at which the mixed liquid 
contacts the antibodies fixed on the surface of the 
optical waveguide. The latter processing is prefer- 
ably employed by taking an accuracy of the ob- 
tained signal into consideration. 

Fig. 4 is a graph illustrating analytical curves 
which are an example of the invention. In Fig. 4, 
(a) represents an analytical curve based upon an 
end-point signal, while (b) represents an analytical 
curve based upon a rate signal. The analytical 
curves are intially obtained by measuring end-point 
signals and rate signals corresponding to standard 
liquids which have concentrations of antigens 



fromn one another. 

As is apparent from the above description and 
Fig. 4, the anlyticai curve based upon the end-point 
signal and the anlyticai curve based upon the rate 

e signal are not similar to one another. Therefore, 
when 2 concentrations of antigens are obtained 
based upon the end-point signal so that a con- 
centration of antigens cannot be determined 
uniquely, a concentration of antigens can easily be 

10 determined uniquely by taking the rate signal into 
consideration. 

Further, when the series of processings illus- 
trated in Fig. 2 are carried out, the end-point signal 
and the rate signal can easily be obtained without 

75 repeating the antigen-antibody reaction based upon 
the 1 step sandwich method. Therefore, the re- 
quired time for the measurement's entirety is se- 
curely prevented from lengthening, and the neces- 
sary quantity of the reagent liquid and the required 

20 number of optical waveguides on which antibodies 
are fixed, are securely prevented from increasing. 
Further, lowering in accuracy due to variation of 
measurement times and measurement environ- 
ments is securely prevented from occurrence be- 

25 cause the end-point signal and the rate signal are 
obtained by the measurement which is performed 
once. 

Second Embodiment 

30 

Fig. 5 is a block diagram illustrating an em- 
bodiment of an optical immunity measurement ap- 
paratus according to the present invention. 

The apparatus includes a sampling section 1 

35 for sampling a signal at every predetermined time, 
which signal corresponds to an intensity of fluores- 
cent light, a signal holding section 2 for holding the 
sampled signals in a time sequential manner, a first 
extracting section 3 for extracting signals within a 

40 predetermined time extent at an initial time period 
from the beginning of a reaction, a differential value 
calculating section 4 for calculating a differential 
value by time based upon the signals extracted by 
the first extracting section 3, a second extracting 

45 section 5 for extracting a signal at a time at which 
a sufficiently long predetermined time has passed 
from the beginning of the reaction, a signal value 
calculating section 6 for calculating a signal value 
at the beginning of the reaction based upon the 

so calculated differential value by time, a difference 
calculating section 7 for calculating a difference 
between the signal value extracted by the second 
extracting section 5 and the signal value calculated 
by the signal value calculating section 6, an analyt- 

55 ical curve holding section 8 for holding an analyt- 
ical curve based upon an end-point signal and an 
analytical curve based upon a rate signal, and an 
antigen concentration output section 9 for obtaining 
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and outputting a concentration of antigens in a test 
liquid for measurement based upon the differential 
value by time calculated by the differential value 
calculating section 4, the difference calculated by 
the difference calculating section 7, and both ana- 
lytical curves held by the analytical curve holding 
section 8. 

Operation of each section is similar to that of 
the corresponding step in the above flowchart, 
thereof ore, detailed description is omitted. 

Operation of the optical immunity measurement 
apparatus having the above arrangement is as fol- 
lows. 

Sampling of the signal by the sampling section 
1 is started in response to an instruction to start an 
optical imunity measurement. A mixed liquid is 
contacted with antibodies based upon the 1 step 
sandwich method which antibodies are fixed on a 
surface of an optical waveguide. Therefore, the 
sampled signal scarcely varies in the initial stage 
and gradually increases after the contact of the 
mixed liquid with the fixed antibodies, as is illus- 
trated in Fig. 3. 

And, when the sampling of the signal for a 
required time extent has been carried out and the 
sampled signals have been held in a time sequen- 
tial manner by the signal holding section 2, the 
signal within the predetermined time period from 
the beginning of the reaction are extracted by the 
first extracting section 3, and the differential value 
by time (the rate signal) is calculated by the dif- 
ferential value calculating section 4. 

Further, the signal obtained at the time at 
which the sufficiently long time has passed from 
the starting of the reaction is extracted by the 
second extracting section 5. The signal value at the 
time at which the reaction has started, is calculated 
by the signal calculating section 6 based upon the 
rate signal which was calculated by the differential 
value calculating section 4. Then, the difference 
(the end-point signal) is calculated by the differ- 
ence calculating section 7 based upon the signal 
which was extracted by the second extracting sec- 
tion 5, and the signal value which was calculated 
by the signal value calculating section 6. 

Thereafter, the concentration of antigens is ob- 
tained and output therefrom by the antigen con- 
centration output section 9 based upon the cal- 
culated rate signal, the calculated end-point signal 
and two analytical curves which are held by the 
analytical curve holding section 8. 

For example, when end-point signals of 89 and 
88 arbitrary unit respectively are obtained based 
upon intensities of fluorescent light in a case where 
test liquid for measurement are not diluted (which 
liquid have concentrations of ^-microglobulin of 
10ug/ml and 300ug/ml, respectively), rate signals 
of 0.42 and 1 .06 are obtained. Therefore, the con- 



centrations of 02-microglobulin in the test liquids 
are recognized to be 10ug/ml and 300ug/ml re- 
spectively by referring to both analytical curves 
illustrated in Fig. 4. 

s The present invention is not limited to the 

above embodiments. It is possible that antigens are 
fixed on an optical waveguide and that a concentra- 
tion of antibodies in a test liquid for measurement 
is measured. Various design change are applicable 

10 within an extent which would not change the scope 
of the present invention. 

Possibility of Industrial Utilization 

75 The present invention is preferably applied to a 
method and apparatus for measuring a degree of 
immunity reaction based upon an optical signal 
corresponding to a quantity of a labeled substance 
which is constrained in the vicinity of a surface of 

20 an optical waveguide by antigen-antibody reaction. 
The antigen-antibody reaction is performed by fix- 
ing antigens or antibodies on the surface of the 
optical waveguide and by contacting a liquid with 
the fixed antigens or the antibodies, which liquid is 

25 obiained by previously mixing a liquid which in- 
cludes antigens or antibodies labeled with the 
labeled substance, and a test liquid which includes 
the target substance for measurement so as to 
perform an antigen-antibody reaction. The present 

so invention determins the degree of immunity reac- 
tion uniquely without diluting the test liquid for 
measurement. 

Claims 

35 

1. An optical immunity measurement method for 
measuring a degree of immunity reaction 
based upon an optical signal corresponding to 
a quantity of a labeled substance which is 

40 constrained in a vicinity of a surface of an 

optical waveguide (D) by an antigen-antibody 
reaction, the antigen-antibody reaction being 
performed by fixing antigens or antibodies (E) 
on the surface of the optical waveguide (D) 

46 and by contacting a liquid (C) with the fixed 

antigens or the antibodies (E) which liquid is 
obtained by previously mixing a liquid which 
includes antigens or antibodies (A) labeled with 
the labeled substance, and a test liquid which 

50 includes a target substance (B) for measure- 
ment so as to perform an antigen-antibody 
reaction, said method comprising the steps of; 

obtaining a differential value by time of a 
signal which is obtained after a contact of the 

55 liquid (C) which is obtained by previously car- 
rying out antigen-antibody reaction, with the 
fixed antigens or antibodies (E), 

obtaining a signal corresponding to the 
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degree of immunity reaction at a time when 
the signal becomes nearly stable and when the 
differential value has already been obtained, 
and 

calculating the degree of immunity reac- 5 
tion based upon the differential value and the 
signal corresponding to the degree of immu- 
nity reaction. 

2. An optical immunity measurement apparatus 10 
for measuring a degree of immunity reaction 
based upon an optical signal corresponding to 
a quantity of labeled substance which is con- 
strained in a vicinity of a surface of an optical 
waveguide (D) by an antigen-antibody reaction, 75 
the antigen-antibody reaction being performed 
by fixing antigens or antibodies (E) on the 
surface of the optical waveguide (D) and by 
contacting a liquid (C) with the fixed antigens 
or the antibodies (E) which liquid is obtained 20 
by previously mixing a liquid which includes 
antigens or antibodies (A) labeled with the 
labeled substance, and a test liquid which in- 
cludes a target substance (B) for measurement 
so as to perform an antigen-antibody reaction, 25 
said apparatus comprising; 

differential means (4) for obtaining a dif- 
ferential value by time of a signal which is 
obtained after a contact of the liquid (C) which 
is obtained by previously carrying out antigen- 30 
antibody reaction, with said fixed antigens or 
antibodies (E), 

saturated signal detection means (5)(6)(7) 
for obtaining a signal corresponding to the 
degree of immunity reaction at a time when 35 
the signal becomes nearly stable, and 

immunity reaction degree calculation 
means (9) for calculating the degree of immu- 
nity reaction based upon the differential value 
and the signal corresponding to the degree of 40 
immunity reaction. 
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Fig:- 2 
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A signal value is obtained which is sampled 
at a timimg at which a sufficiently long 
time period has passed from the starting 
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A signal value is obtained at a timimg at 
which the mixed liquied is contacted with 
fixed antibodies 
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A difference between the signal value 
obtained in step SP4 and the signal value 
obtained in step SP5 
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A concentration of antigens is obtained 
based upon the difference, the differential 
value by time and an analytical curve 
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